Avian reovirus S1133 encodes 10 primary translation products, 8 of which are structural components of the viral particle and 2 of which are nonstructural proteins. The identity of the gene that codes for each of these polypeptides was determined by in vitro translation of denatured individual genome segments.
Avian reoviruses are an important cause of disease conditions in poultry. In particular, reovirus-induced arthritis provokes considerable economic losses in poultry farming (4) . Although the pathological effects of avian reoviruses in poultry have been extensively investigated, relatively little is known about their biochemistry and molecular biology. Previous studies have shown that avian reoviruses share many characteristics with their mammalian counterparts (13, 20) . Both types of virus have a genome consisting of 10 segments of double-stranded RNA (dsRNA), separable into three size classes, which are enclosed within an outer capsid 70 to 80 nm in diameter (7) . Extensive biochemical analyses of mammalian reoviruses have led to the identification of all virus-encoded proteins and to a comprehensive understanding of polypeptide composition and distribution within the viral particle (17) . Much less is known about the proteins encoded by avian reoviruses. There have been previous studies of strain S1133 (13, 19, 20) , but the protein coding assignment for this strain has yet to be completed. Ni et al. (12) recently identified 12 proteins, 10 structural and 2 nonstructural, by electrophoretic analysis of purified avian reovirus strain 176 virions and of infected cell lysates; however, whether the intracellularly synthesized proteins were of viral origin was not confirmed. Wickramasinghe et al. (21) detected 10 viral proteins in avian reovirus strain RAM-1 preparations by precipitation with mouse anti-RAM-1 serum but did not investigate which proteins were structural and which were nonstructural.
The first goal of the present study was to identify the primary translation products of avian reovirus S1133 mRNAs. S1133 avian reovirus was plaque cloned three times, and virus from a large plaque was grown at low multiplicity in chicken embryo fibroblasts (CEF) (20) . Virus was purified as described previously (19) , and viral mRNA was transcribed in vitro from heat-shocked reovirions (60°C for 30 s). Viral transcripts were translated in rabbit reticulocyte lysates as described elsewhere (1) , and samples were analyzed on a discontinuous sodium dodecyl sulfate-10% polyacrylamide gel electrophoresis (SDS-PAGE) gel (10) in which acrylamide was replaced by Hydrolink (AT Biochem, Malvern, Pa.) to achieve good resolution of all reoviral proteins. As can be observed in lane 2 of Fig.  1 , viral mRNAs programmed the synthesis of at least 10 polypeptides: 3 of the A class, 3 of the , class, and 4 of the a class. These proteins were also synthesized in reticulocyte extracts programmed with RNA isolated from S1133-infected CEF (Fig. 1, lane 3) and in cytoplasmic extracts of infected cells (Fig. 1, lane 5) but not in extracts of mock-infected cells (Fig. 1, lane 9 ) or in reticulocyte extracts programmed with cellular mRNAs (Fig. 1, lane 8) . The fact that these proteins were recognized by antibodies to purified reovirions confirms their viral origin (Fig. 1, lanes 4 and 6) . Comparison of the primary translation product profiles ( Fig. 1 , lanes 2 and 3) with the purified reovirion profile (Fig. 1 , lane 7) indicates that eight of the primary products are structural components of the virus while two are nonstructural. The latter two proteins were synthesized in the cytoplasm of infected but not of mockinfected CEF (Fig. 1 , lanes 5 and 9) and were thus identified as nonstructural viral proteins and designated jiNS and aNS. Both polypeptides have been previously identified by Ni et al. (12) as nonstructural proteins of avian reoviruses S1133 and 176. However, those researchers did not investigate whether these polypeptides are of viral origin or whether they are cellular proteins whose synthesis is induced by viral infection; our results demonstrate that ,uNS and aNS are primary translation products of S1133 mRNAs.
The data shown in Fig. 1 thus indicate that avian reovirus S1133 encodes 10 primary translation products, of which 8 (X1, X2, A3, ,ul, p2, al, a2, and cr3) are structural and two (,uNS and aNS) are nonstructural components. This is the expected result for a 10-gene virus. However, we cannot rule out the possibility that one or more minor polypeptides encoded by bicistronic genes were not detected by our experimental procedures (see below).
Comparison of the polypeptide profiles in Fig. 1 indicates that a ,u class polypeptide which is present in cytoplasmic extracts of infected cells (Fig. 1 , lane 5) and in purified virions (Fig. 1, lane 7) and is recognized by antibodies to avian reovirus (Fig. 1, lane 6) is not a primary translation product (Fig. 1, lanes 2 and 3) . This polypeptide, which is probably a posttranslational cleavage product, was provisionally designated ,u2C in view of the precursor-product relationship recently reported for ,u2 and pu2C of avian reovirus 176 (12) .
The second goal of this study was to identify the gene that codes for each viral polypeptide. The coding assignments for the mammalian reoviruses have been known for some time (11) , but for avian reovirus, only the assignment of the S class genes of strain S1133 has been reported (18) . To incubation for 1 h at 30°C, samples were analyzed by SDS-PAGE as for Fig. 1 . The in vitro translation products of each of the 10 S1133 genes are shown in Fig. 3 . Of the S class genes, segment Si codes for a3, S2 codes for al, S3 codes for a2, and S4 codes for aNS; these results are in complete agreement with those of Schnitzer (18) . In the L and M classes, there was complete correspondence between ranking of segment size and the corresponding ranking of protein size. Li codes for 1, L2 codes for X2, and L3 codes for X3, while Ml codes for ,il, M2 codes for ,u2, and M3 codes for ,iNS. This is contrast to the Li L2 L3 C MI M2 M3 C Si So S3 S4 with the procedure of Sambrook et al. (15) . About 4 to 6 jig of RNA from each segment was obtained (i.e., the yield was about 25%). As can be seen from lanes C of Fig. 2 , the S1133 genome comprises 10 segments which were resolved as discrete bands in SDS-PAGE, with a migration profile similar to that previously reported by Gouvea and Schnitzer (5) . No additional dsRNA bands were revealed by ethidium bromide staining, and densitometric analysis of the bands in lanes C of Fig. 2 showed that all 10 segments were present in equimolar amounts. These data argue strongly against the possibility that the S1133 genome undergoes rearrangement. All 10 S1133 dsRNAs were isolated as individual species (Fig. 2, lanes Li to  S4) .
The dsRNAs were denatured with hydroxymethyl mercury (2) and translated in reticulocyte lysates. The final concentrations of the components of the reaction mixture were as follows: reticulocyte lysate (Boehringer Mannheim), 60%; dsRNA, 80 gig/ml (when translating individual segments) or 160 ,ug/ml (when translating unfractionated dsRNA); hydroxymethyl mercury, 0.3 mM; EDTA (pH 8.0), 6 jiM; potassium acetate, 100 mM; magnesium acetate, 1.5 mM; and [35S] methionine (>1,000 Ci/mmol; Amersham), 1 mCi/ml. After (8) . According to the leaky-scanning model proposed by Kozak (8) , this means that some of the ribosomal subunits coming from the cap do not stop at this codon but resume scanning until reaching the second AUG. This second AUG at positions 71 to 73, has a strong context, with an A at -3 and a G at +4, and serves as the initiation codon for als (8) . The picture seems to be different for the S1 gene of the avian reovirus. We sequenced more than 100 nucleotides from the 5' end of the S1133 sl mRNA (data not shown) and found that the first AUG, located at positions 33 to 35, has a strong context for initiation, with an A at -3 and a G at +4. Furthermore, no stop codons in phase with this AUG codon were found within the 28 downstream codons sequenced. These results suggest that all of the ribosomal subunits recruited by the cap must start translation at this codon. Since the only in vitro translation product of the avian reovirus S1 gene detected in reticulocyte extracts was c3 (Fig.  3) , it seems probable that this AUG serves as the initiation codon for this polypeptide. Synthesis of another protein from this mRNA is very unlikely, unless reinitiation occurs (9, 14) .
To determine whether the S1 gene of avian reovirus S1133 is bicistronic and, if so, to elucidate how this is achieved, we are currently sequencing the entire S1 segment and the aminoterminal end of cr3.
